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SUMMARY

" Buffet characteristics of the BGK No. 1 shockleas airfoil have been
investigated. Fluctuating pressure measurements along the airfoil chord and
unsteady force balance data have been obtained in various regions inside the
buffet regime close to the onset boundary curve. The Mach number range
where buffet intensity reaches high values is determined from balance
measurements. The rms values of the fluctuating pressure show generally
monotonic increase downstream of the shock to the trailing-edge in this
speed range. Statistical data from pressure and normal force measurements
have been processed and the appearance of distinct frequency peaks in the
power spectral density curves has been detected in the speed range 0.7 <
M. < 0.78. The coherence between pressure signals and pressure and force
signals has also been investigated.

RESUME

Les caractiristiques de buffeting du profil sans shoc BGK No. 1
ont 6t6 6tudi~es. Des mesures de pression instationnaire le long de la corde
du profil et des forces instationnaires de la balance ont 6t6 6tablies dans
diff6rentes zones de la domaine de buffeting au voisinage de la courbe seuil.
La gamme de nombres de Mach dans laquelle le buffeting devient intense
est 6tablie i partir des mesures des forces de la balance. Les valeurs rms de
la pression instationnaire pr6sentent une augmentation presque monotone en
aval du front de choc jusqu'au bord de fuite dans cette gamme de vitesses.
Des donn~es statistiques d~coulant des mesures de pression et de force nor-
male ont t analys~es et r~vilent des pics de fr6quence distincts dans les
courbes spectrales, dans la gamme des vitesses 0,7 < M. < 0,78. On a aussi
examine la correspondance entre les mesures de pression et celles de force.

(lii)°
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UNSTEADY PRESSURE AND FORCE MEASUREMENTS ASSOCIATED WITH

TRANSONIC BUFFETING OF A TWO-DIMENSIONAL SUPERCRITICAL AIRFOIL

1.0 INTRODUCTION

Buffeting is a dynamic behaviour of an aircraft due to aerodynamic excitation arising from
random loading when flow separations on the wing are encountered. In recent years increased attention
has been given to the investigation of buffet characteristics in order to meet the design requirements
of future aircraft. This arose from the demand for greater mane iverability and gust requirements in
the transonic flight regime. Methods for predicting buffet characteristics based on wind tunnel rigid
model testing are extremly useful and much needed in aircraft design.

Supercritical airfoils have been found to have favourable buffet characteristics compared
with classical airfoils, at least that is the case for airfoils investigated in the NAE high Reynolds
number 2D test facility (Ref. 1). The BGK No. 1 airfoil was the first supercritical airfoil to be inves-
tigated at NAE and its buffet boundary, or rather buffet onset boundary, is reported by Kacprzynski
in Reference 2. His results were found to be in good agreement with theoretical predictions by Redeker
and Proksch (Ref. 3) using Thomas (Ref. 4) buffet onset criterion. The method used for determining
buffet onset was to osberve the analog signal from a force element of one of the sidewall balances
supporting the model, and to note the onset of oscillations. Other common methods used in deter-
mining buffet onset is to detect the divergence of the trailing edge pressure or the so-called break in
the lift curve slope. In either case buffet onset is fairly easy to determine experimentally, requiring
little sophistication in instruinentation.

In order to gain more insight into the aerodynamic aspects of buffet, and not just buffet
onset, detailed investigations of surface pressure signatures are necessary. Such an investigation was -
carried out at NAE with the BGK No. 1 airfoil. A number of pressure orifices on the upper surface of
the airfoil model were connected to fast response miniature transducers and the signals recorded on
FM tape for further analysis. The investigation was carried out in the Mach number range 0.5 to 0.8
at chord I.ynolds numbers of 15 to 21 X 106. Both constant incidence and step-pause incidence runs
were performed. The constant incidence runs were of sufficiently long duration so that spectral,
correlation and coherence functions for force and pressure data could be obtained. The step-pause - .
runs were only processed to give rms values of the force and pressure fluctuations.

The wind tunnel tests were carried out in conjunction with a series of other investigations in
the NAE 2D test facility involving the BGK No. 1 airfoil and reported on in Reference 5. This report
gives a brief description of the experimental arrangements and the procedure for data processing. The
main emphasis in the report is in the presentation of the statistical data of the investigation and a dis-
cussion of them. It should be noted that convection effects and spatial decay are not treated but will
be the subject of an ensuing report.

2.0 MODEL AND INSTRUMENTATION

The model (Fig. 1) was the same as that used by Kacprzynski (Ref. 2). Six Kulite TQ 360
25 paid transducers were closely coupled to six ports in the 'south' pressure connector on the model
(Figs. 2 and 3). When these transducers were connected, the normal south male pressure connector
was disconnected and left open to plenum pressure. The transducers were connected with the 'reference'
side to the wing and the 'measuring' side to the plenum. (The reference side has a considerably smaller
volume than the measuring side for these transducers.) The frequency response of the installed trans-
ducers was calibrated and established to be flat up to approximately 200 Hz. The location of the
pressure ports connected to the transducers is shown in Figure 4. The normal pressure scanning sys-
tem was inhibited for this investigation. The force balance fluctuating signal was obtained from the
'north' downstream flexure N2 located at 0.725 chord, which was close to the expected centre of the
buffet force. All unsteady signals were recorded on FM tape for subsequent analysis.

, ,. ,. . .,- ,.: . . .. ... ..-. ....- --. - i . i "-. . .. . .i . .
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3.0 TEST FACILITY j
The test facility is described in Reference 6. Those aspects of the facility and instrumentation

relevant to the present investigation that differ since Reference 6 was published, are reported in
Reference 5. The porosity of the top and bottom walls in these tests was 19.3%.

4.0 TEST PROGRAM

The wind tunnel tests were carried out in December 1978 and constituted phase 'C' of
'Supplementary Investigation of BGK No. 1 Airfoil' (Ref. 5). The tests covered the following ranges

" in Mach number, angle of incidence and Reynolds number:

Mach number range: 0.501 < M_ < 0.805

Incidence range: -0.36 < % < 11.74

Reynolds number range: 15 < Rex10- 6 < 21

Table 1 shows a summary of the wind tunnel runs for fluctuating pressure and force meas-
urements. Corresponding to each Mach number and angle of incidence, a steady state pressure scan for
the airfoil was obtained separately and reported in Reference 5.

5.0 DATA REDUCTION

The free stream quantities M-, q- and p- were determined from the measured reference
quantities P. and P0 - P4 5 R and applying appropriate corrections between the 45R static pressure
reference station and the test section in accordance with empty tunnel calibration results.

The geometric incidence cg is that of the midspan section of the model. It is derived from
the readings of the 'north' and 'south' balance potentiometers and allowing for the twist of the modl;
the 'south' balance does not react to any moment. Thus

3
ag = CN - (ONL-0as) -

4

The transducer and the normal force balance component N2 analog signals were recorded
on FM tapes. These were later digitized and sampled at 1 kHz. The data were further filtered using a

*four-pole low pass active filter with roll-off at approximately 300 Hz.

A computer interactive program was developed to select the portion of the signals to be
analysed. A Genisco 1000 graphics terminal was used to display the raw data on the screen of the
terminal. The intervals, where analyses were to be carried out, were determined by the motion of the
'joystick' and a dataset was prepared for statistical analyses. For all cases requiring statistical pro-
cessing 8192 data points were used, which corresponded approximately to eight seconds of recorded
data.

The six Kulite pressure transducers and the force balance component N2 signals were

processed and statistical data such as spectra, auto correlation, cross spectra, cross correlation and
coherence were obtained from computer programs written by Rabine, Schafer and Dlugos (Ref. 7)
and Carter and Ferrie (Ref. 8). The rms values for the pressures and normal force were expressed in
coefficents as follows:

Prms
Cp =

q 
-

q-.

I':;'"' " ''' ' " " "" " "" " ' " ""' "" '""' " 
° "

'""" ' " "" '""' " "" '""' " " '" " "' " " ' "" " " "" ' """" '" "" " "



N2 rms

q. b c

For completeness in presentation, the definitions for the statistical properties of two time
function x(t) and y(t) are given as follows:

1 T
.lim - f x(t) x(t +,) dtAuto correlation function R (r) T cc T

Power spectral density S.(f) = 2 f Rx(r ) e- i2 f7 dr

= 4 f Rx (r) cos2rfrd r '
0

1 T

Cross correlation function Rx y (T) - f x(t) y(t+)dt
T- T 0

Cross power spectral density Sxy(f) = 2 f Rxy r dr

2 JSXY(f)Coherence function IN =
SX() Sy(f)

Note that all data presented here are uncorrected for wall interference effects. The statis-
tical results are unaffected by wall effects, but the free stream flow conditions are slightly influenced.
The corrections to Mach number and angle of attack, if required, can be obtained from equivalent
'steady' run results presented in Reference 5.

6.0 PRESENTATION OF RESULTS

All results are presented in graphical form. In Table 1, runs marked with + indicate force
balance component N2 measurements are not available. Statistical data are only given for those runs
marked by an asterisk, since they are of sufficiently long duration to make the analysis meaningful.
For runs No. 20937 - 20939, which are at constant incidence, statistical data have been processed but
are not included in this report, except for the fluctuating pressure coefficients Cp. Upon inspection

the statistical data for these runs were found to be nearly identical to those for runs 20949, which
are included.

All pressure transducers are labelled from 'A' to 'F' as shown in Figure 4. The force balance
element N2 is labelled 'G'.

*1''-''" ." ".. .... .. .. . ..
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7.0 DISCUSSION OF RESULTS

Figure 5 shows a typical output of the transducer signals 'B', 'C' and 'D' together with the
angle of incidence versus time for a step-pause incidence run. To analyse the data for any angle of inci-
dence, the interactive computer program was used to prepare a dataset at the desired incidence for
analysis.

Figure 6 shows the fluctuating normal force coefficient CN 2 plotted versus M. and CL.

Redeker's and Proksch's (Ref. 3) theoretical buffet onset prediction and Kacprzynski's (Ref. 2)
experimental results for the BGK No. I airfoil are included to show the various regions in the vicinity .

of the buffet onset boundary where the present tests were conducted. It is of interest to note that the
buffet intensities, as indicated by the fluctuations from the normal force balance, are most severe in
the Mach number range 0.7 - 0.78 for CL between 0.8 - 1.1. In this transonic Mach number range
observations of the steady state Cp plots in Figures 11(g) to 17(g) indicate fairly strong shocks and
flow separations extending from the shock to the trailing-edge.

The variations of C' versus x/c are shown in Figure 7. Also shown are the approximate
p -

shock locations inferred from steady state pressure data included in Figures 8 to 15. The large Cp-
from transducer 'A' for run No. 20944 is most certainly due to shock oscillation. The steady state
Cp plot for this run condition is available from unpublished data, Figure 10(g), and shows the location

of the shock to be just over or very close to the transducer measuring station. The relatively small
values of C' at 'A' for runs 20937, 20953 and 20954 are consistent with the shock being too far

p
downstream of the 'A' position to have any significant effect on the fluctuating pressure, or the
absence of a shock (20954).

Corresponding to those runs in Figure 6 where the buffet intensity if fairly large (i.e. in the
range 0.7 M,. 0.78, 0.8 CL 1.1), CP in Figure 7 also shows relatively larger values than those

outside this range in M. and CL. Another point to be observed is that C' for these runs increases
downstream from the shock and attains a maximum value at the transducer closest to the trailing-
edge which is x/c = 0.95 for these tests. Note also that for runs 20937 and 20940, where the shock
is close to the 'B' station (60% chord), the Cp values are markedly higher than for the next station
(70% chord).

Figures 8 to 15 show the statistical properties for representative runs in various regions
inside the buffet regime close to the buffet boundary. The symbol 'Y' represents the function (spec-
trum, auto correlation, etc.) and the following single letter or double letter indicate basic or joint
properties respectively. The units for pressure and force are in psi and lbs respectively. Hence the
spectra are in psi 2 /Hz or lb 2 /Hz for pressure and force measurements respectively and they are
expressed in db. For cross spectra between pressure transducer and force balance, the units are in
psi-lb/Hz. The cross correlation functions are plotted for all delays T positive. To convert to the more
conventional positive and negative r form, simply set the time scale for 7 = 0 at 0.512 seconds and all
delays are then measured in positive and negative time directions from that point. For light buffeting
(runs 20948, 20940, 20953 and 20954) outside the speed range of 0.7 < M < 0.78, the power spectral
density curves do not exhibit distinct frequency peaks. However, in the region of strong buffet distinct
frequency peaks are observed. These peaks have a fundamental frequency, which increases with M_
along the buffet boundary (approx. 45 Hz for run 20946 at M, = 0.703 to 70 Hz for run 20951 at
M f= 0.784). (The first harmonic is also detected in most cases.) This frequency is substantially lower
than the model resonance frequency and flow studies of the wind tunnel do not reveal any oscillations
in this frequency range. Unfortunately, the transducer A at x/c = 0.3402 malfunctioned in many of the
runs. Experiments correlating the shock motion with the oscillations in the pressure measurements down-
stream will undoubtedly shed more light on the nature of the frequency peaks detected in the power
spectral density curves.

-" .. ... :. . - .. : .- . . . ." - - . .. . .
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Observations of the phase curves for the cross power spectral density plots indicate that for
some transducer pairs at certain run conditions, a convection velocity is detected. The data will be
analysed for convection effect and spatial decay, and will be reported at a later date.

The coherence functions between transducer pairs show similar characteristics in the Mach
number range 0.7 to 0.78, that is, strong coherence in the frequency range where oscillation in the
fluctuating pressure occur. Outside this speed range, the coherence functions resemble those for
random fluctuations.

The correlation between individual transducers with the force balance output indicate that
within the range 0.7 < M- < 0.78, the coherence between transducer and force balance measurements
is strong in the frequency range where noticeable oscillations in the unsteady pressure field are de-
tected. It is clear that the unsteady normal force is primarily due to pressure fluctuation in the
separated flow region on the airfoil from the shock to the trailing-edge.

The Cp plots included at the end of Figures 8 to 15 are taken from Reference 5 except that
for Figure 10 which is from unpublished data. These data are provided so that the present results can
be related to the mean flow conditions over the airfoil, namely, shock position and flow separation.
Even though these results were obtained from separate runs, the flow conditions were practically the
same as those for the present test.

8.0 CONCLUSIONS

A study of the buffet characteristics of the BGK No. 1 airfoil was carried out by measuring
the fluctuating pressures along the airfoil chord and the normal force balance outputs. The tests were
performed in various regions inside the buffet rgime. In the range 0.7 < M_ < 0.78 and 0.8 < CL < 1.1,
balance measurements show the buffet intensity to be fairly large relative to other regions, even
though all the tests were performed very close to the onset boundary. Typical characteristics of the
flow in the high intensity region are: a monotonic increase in the fluctuating pressure coefficient
downstream of the shock to the trailing-edge, a significant increase in fluctuating pressure level when
a shock wave is located cl se to a measuring station, and the appearance of distinct frequency peaks
in the power spectral density curves. Also, a strong coherence is observed between the fluctuating
pressures in the separated flow region and the force balance outputs. For some transducer pairs, a
convection velocity is detected from the phase curves in the cross power spectral density measurements.
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TABLE 1

SUMMARY OF WIND TUNNEL RUNS AT 19.3% WALL POROSITY

W/T Run M,. P, (psi a) Q(psi) Re. X 10-6 C

20935+ 0.775 64.9 18.3 15.3 -0.29, 2.57, 0.306, 0.754,
3.56, 4.58, 0.845, 0.862,
5.60 0.873

420936+ 0.775 64.9 18.3 15.3 -0.31, 2.57, 0.302, 0.769,
2.89, 3.18, 0.814, 0.845,
3.56 0.858

20937+ 0.774 64.8 18.3 15.3 3.57 0.859

*20938+ 0.774 64.8 18.3 4.60 0.865

20939+ 0.774 64.8 18.3 4.60 0.865

*20940+ 0.775 64.8 18.3 15.3 2.55 0.762

20941+ 0.754 89.8 24.5 21.0 -0.32, 2.61, 0.292, 0.723,
3.62, 4.64, 0.863, 0.945,
5.65 0.940

20943+ 0.753 90.1 24.5 21.1 -0.34, 2.62, 0.290, 0.733,
3.64, 4.64, 0.869, 0.951,
5.66 0.943

*20944 0.753 90.1 24.5 21.1 5.66 0.945

20945 0.703 95.8 23.8 21.3 -0.31, 6.77, 0.278, 1.077,
8.71 1.020

*20946 0.703 95.6 23.8 21.3 6.77 1.069

20947 0.501 120.1 17.7 21.0 - 0.25, 8.76, 0.248, 1.126,
10.76, 11.73 1.151, 1.128

**20948 0.501 120.1 17.7 21.0 11.74 1.124

*20949 0.775 64.9 18.3 15.3 4.61 0.868

20950 0.783 87.8 25.1 21.0 -0.34, 2.55, 0.304, 0.756,
3.55, 4.57, 0.807, 0.820,
5.60, 6.61 0.827,0.840

*20951 0.784 87.8 25.1 21.0 3.56 0.806

20952 0.805 86.2 25.5 20.9 -0.36, 2.01, 0.313, 0.667,
2.50, 3.00, 0.694, 0.712,
3.51, 4.02 0.728, 0.741

*20953 0.805 86.2 25.5 20.9 3.52 0.727

*20954 0.805 86.2 25.5 20.9 -0.36 0.314

*+ Balance measurements not available.
* Statistical data for these runs are given in this report.
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HERTZ 0 6,3 120 1 9c 24'7 % ],HERTF 
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COHERENCE FUNCTION 
COHERENCE FUNCTION

50 X" /1 4
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HERTZ 

iERTZ

Fa Rf CROSS POWERI iTAL DEC[Y AN-D COHERENC FLINCTIO BETWEENPRESSURE AND NOMAL FORCE N2 FOR M.=0.753, CL=O-94
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SYM RUN.SCAN Mi R, CL~ C APH
-22 23012.5 0.757 20.9 0.901 0.0621 5.57

UNCORRECTED OATH 09o-OCT-80

-1.40__

- .0 -. -. -. 0. 10 .

FI.1gcTAYSAEpRSUEDSRBTO
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POWER SPEZCTRr'..

m

a 50 1 X I5 2W Z, 3X, 350 4,J6 4b^ 5- 1., , 2 3"' V , 4 c

o - .. , A'-

so 10 IO 20 250 3,0 1550140 ~ 2U , 250 3,n Y 
,  

, 4'

HERTZ HER"7Z

I 11a: POWE R SPECTRAL DENSITY FOR M.=0.775, Ct L0.868, 0 =18.3 psi"

..' R ~~UT O C O R FR E L H T I O N L ",: : ! " : L T I , ; : ,! , , ' : i : :

0.0 2 05 2 . P~ 0.15 C.? sC 0.2 c'? Y?* C.> V.5' 4

o . a 0 O 0.i5 0.20 (.25 ,

FU 1 / l,. W O O R LA INFLNT-N O .......... .... ... ... ... 8.3 "e

FA . 111 V AUOCREATO"UCIO7FRM =.75'L7.88 5 1.3pi, '

S "41m'" "/N

,O •SC..IS- 50 "0 .2° WA.3S3 4 o] •5 0 ". . ID I? .+'. .3W 3 47

.. I.lit.POWER SPCTA DENSITY FO M=O.,,,, ~ "1. -" ""
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<7. 1 \ (5 1.,""

0.435 0.450 0.465 0.480 0.4SS 0.520 0.525 0.540, 0.555 0.500 '.585 1.415 2.45.2 0.855 0.480 0.415
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2.51' 0.525 '."4 2.555 0. 2.585
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0 60 1 0 110 240 300 360 4 60 120 16O 2"0 30 360 .

HERT Z HERTZ-

C)

CR Fla I C ER SPECTR AL DENSITY FOR M,=0.77PCR 0.TRA8L 0 N18.3 Pa

*U DNEBrFT=0t 
RUN 0D-,E.B1I"'rC.209419 -'

O 0 2 0 20 30 30 100 60 ,20 16 240 300 360 4120 ,"'.

C o -' I"-.

0I IL 60 20 60B 240 300 360 420 0 60) 10 10 21 0 3' 0"•""

HERTZH .RTZ 240 30

CR033 P0BER SPECTRAL ALGENSITY FO 1 CROSS6 0. PO8WE, SPECTAL LNIT

RON j'Et.VFE3.20,4

'F '""-"." . ." ' '" ' ";". '-" ''. """ -.-""'"".-"4 ..-. , -. . ; . ".,. ... .. , ,.- .. " - .
-C)_ 

0J
C4) .. 

0 . . . . - _' - . .. i i i l 
i l . i - l I 
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CROSS POWiER SPECTRAL FI_,T: T'fTt y{IVS!T

Cli0 1 0 lac 2; 1 W0 c K 1c ol 1; 3 6 42C

0 60 1 0 1C 2, 3T 3i 1 ' . 83 2 0 b .

20 ~ 3~C 0 0 10 24O 3I30 O

HERT HERTZ

N-°

CROSS POiER SPECTRAL DENSITY CROSS PONER SPECTRAL DENSITY
0 l-NFl[.8F'rET.-20949 RUN 10-NFIE.BU-FET.-20949

in

0 0 120 140 240 30k) 360 42 0 62 0 1;0B 2,10 3w0 360 120

.l. . .. 9

HERT Z HERTZ

FIGI id: CROSS8 POWER SPECTRAL DEST FOR M.=0.775, CL. =Af 0 8 18.3 pei (CWont

. . .-- . . . . . .

.4.



-V. W- .

V.°

-46 -

~c 121

Ali, i. 1 I

I I ,f.

50v. 1 ~!, M '.t , 4. V~:. r- 5. 1 
3

r4 4 41'1L. ~ I

I I 4 4.,I- ,. .,> . i i ' ,. ,hT ' ' 2
-- ! , I,

-. j: __ Ll4 'W4 ,#% i, ' .,..'

" '2 I e .2' -. 42 .-- '''24 -

L I-" 7 > 3 4, i i  ' 2 i'

..... .... .. ...... .............. s'. ,l,4., 4
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:-S2

~FIG. lit: COHERENCE FUNTIONS FOR M,O--.775, CL =O.868,OQ=18.3peI
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,, ~ ~ ~ ~ ~ ~ ~ . .. ,,L , .°: .. , .. .17"F 7? -

,( , .-.

COHEREN.. : '- iNCTION .... .'

3 - 4 'Ir "

HERTZ HERTZ '-4",

-. ,5' .1 *' " " *' 'io..C r- T 7

~* .. . . .' .I,-

It ..- :-:

" L 157 72 25 '" 3- 4:'- I I ,

HE3 II RZ OE PCRLDNIT N ORNEFNTO HETEE

PRESSURE AN .M FO' N " M = .'. psi

,.U I . 21 4..

"- I(; + - .. . .

' II I Ill I,,' -
.),'. ;',I [j1I ; F,., I,,

, p l. , , , . I , , *4 , I , , ' I t t l 1 , I , . , , 4 , , . .. .

'.' ,II <1'" . . .. %

! ~~FIG. 1 If: CROSS POWER SPIECTRAL DE)NSITY AND COHERENCE FUNCTION BETWEEN "'

PRESSURE AND NORMAL FORCE N FOR M 0.,775, CL 0.868,0Q = 18.3 psI
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HER TZ

FI 1 S POWER SPECTRAL DENSITY AND

COHERENCE FUNCTION BETWEEN PRESSURE AND

NORMAL FORCE N2 FOR M.=.775, .i
CL =o8,8, 0 183 p (Conrd'""
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SYM RUN.SCRN M R, C C ALPHA
-2.2 - - - a 20916.6 0.773 15.4 0.000 0.0506 4.60

UNCORRECTED DATA -18-SEP-81

.5.

-0.

.0.-

.1.

x/c

FIG. 1 g: STEADY-STATE PRESSURE DISTRIBUTION
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F- 1 14 3.
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I 'A ' '.. l " -s. ¢' , . ..-

ED 1O [ 20 181 241 11"1 ll, 12: u UI 12 4 ;

FIM 12(:1:CROSS POWER SPECTRAL DENSITY FOR IVW-=0.184, CIL =0.8M8, 0 -25.1 pal'-- -

6...1 I

C V 33- 232"
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-C.C.

'.9V

'

c Ec 12' 1- 210 3-1 3-K 41- C 19 23M1~ 4 3 4<O

PF-T iN I lt

C3 4

11324

o.I 2 ~ 4", 0 621 20 680 213 300 360 423

nih)1143HERTZ -

%4

FIQ 12d CROSS POWER SPECTRAL DENSITY FOR M=0.784, CL =0.806, 0 =25.1 -s CCont'd)
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50 IGO*5C CC -0 - V 4

5 0 0 4, - C

0 , l4 -,. .. . . .

7/ z
I k: . >AA" .t Iq "- -'

50 so InC 211 22 32- 4, 4 T

4 00-4

0 .;j ;.C 5 20 ',i ' :'.. . . ___ -" _

HERTZ I PVF1.7

2.7

:'"-. -__

C. , 5 ,, , . .. (ii',
C-'- ,I, bIII 4W, i

0 52 1 ,1,02 -" '' 0 2 5

* -FIG. 12e: COHERENCE FUNC TIONS FOR M~o0.784, CL = 0.806. = 25.1 pSi
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.HERTZ

FIG. 12f* CROSS POWER SPECTRAL DENSITY AND
COHERENCE FUNCTION BETWEEN PRESSURE AND

NORMAL FORCE N2 FOR M.=0.784,

CL =0.806, 0=25.1 psi (Cont'd)
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SYM RUN.SCHN M R, C L, C o ALPHA
-22 .- - - 20914.5 0.784 21.0 0.000 0.0366 3.58

UNCORRECTED DATA -18-SEP-81

-1.4 ____

-- 1

.0.

//D. 0 0. . .6 . . .

FI.1g TAYSAE RSUEDSRBTO

.- . .- - - - . .
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j" "J:

PO2,,c F' FV 1', 4

O2 30 3- 421.. . . 4 ,

tWa ¢ 2,) 3M ;'S
WO , ..,.--,

"1 %v'Y-. V' 'W ./.\.. ... .,, - : ..... :7-

0 5 C 1 5 K OO 2KO 3.,2 3K 4 K 4,K

.. . . .. . . .. & ..

. . . . . , .

S1 = AF , ,

.7.0 50 lD I0 2CC 2C.. 3. 3. 4. .. . . .

:4 = \' 7 1 C"

'S..
5 ~~~IG 13g POWER ,SPECTRAL DENSITY FOR M,00.77, C t =0.762. Q0= 183 pali-]:

Aul. AI; >""'t

F" I.. C - ',34

I" 4 1i'.'',., 4 1 1 ,.~ r:Q.T.i. VTI\ Vt. TICi

• , . . .,. .. ... . " . . ..... C.3C -CC" ".4

R I , , I -'' J , .,

9, f' . ' i ' ,

................................................ .. ..... ............... ' ................ .. . .. i :

,q ~~~FIG. 13b: AUTO CORRU~ELATION FUNCTIONS FOR M.0=0.776, C1= 0.762,0O =18.3 pal..."

4.. . . .. . . . . . . . . .
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r HERTZ

6 60 120 lo0 240 300o 350 1~ 2C c W . IF4 30U .

60 240 3-. 3K 2 o2-3 4
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-~ F,, 4

60 12f 181 j, 1 4
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CROSS PCVAER SPECTRqL DENSITY CRO - POWER SPECTRHL DENSITY

RUN ID121' V . 'LT. 20340 RUN : -NRE.8F1T. .23090

, .-60o cI
60

a-' 60 122 10 24a 301 360 420

a 60 120 180 240 300 360 420 0 60 2 0 8o0 240 3m0 30 41,
HERTZ HERTZ

.1-':

Ji

CROSS PONER SPECTRAL DENSITY CROSS POWER SPECTRA rC'.

RUN I0-NE.BUFrET..20S4o, RN "13 .>.2. 9,C

in 0 3m
110 60 10I0 2' 6 60 406 1C . . . . . . .-

0 60 120 180 240 300 360 420 0 60 120 180 20 3 360 420

*1'-

0 60 20 80 240 00 0 640 120 6) 240 31 060 421'

HERTZ HER"Z

*0

FIG. 13d CROSS POWER SPECTRAL 0ENSITY FOR M.= 0.775, C, = 0.762, 16.3 pIM (COntd)

*4a
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COHFFFT'nr F'-.-
COHERLVFV J' -

LLiA ~ f~

-,, .. _ _b. / , s IS) 2 sJ c "~00 25,,35
0 t0 I 2 200 240 35 5 4

0 0 I00 ISO0 00 250 300 3s0 430 430

qCO

so log ____ 290 2 23l371' 4o34450 50 100 100 20O 200 3 00 350 400 00'*

)'.; Li , 0 ,

i0 so 1 50 30
0 0 10 1500 250 300 3500 400 50

so too ISO 200 250 300 350 400 450 0 0 i0. I'll 20. 250 3. 50 4O. 11HERTZ HERTZ

:; COHERENCE FUNCTIONS -

RUN liii.-a1'I2

W~ •;

0 50 too 150 200 200 300 300 400 40

00 I II .

HERTZ

FIG. 13e. CEFRNC FUCT FOR M,-0.775, CL 0.762, = 18.3 pSI
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I5Th RUN.SCAN M R, C C ALPHAIp a
--2.2 20916.4 0.773 15.3 0.000 0.0158 2.59

UNCORRECTED DATH 18-SEP-81

-- 0.

.40.p

-I0.6

*1.0

FIG. 13f: STEADY-STATE PRESSURE DISTRIBUTION
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i POw4ER SPECTRAL DENSITY

RUN 10 -RE.W8fFRT. 120953

-a

P0 R EPE CTRAL DENST•

RUN I0-NEaFN..

0 50 100 I50 200 250 303 350 400 453

0.1o

FI.11:PWE PCRLDEST O ,,=.0,C =.2,-=255pi""

O 50 120 ISO 200 250 3w0 50 00 152 0 50 102 5b 200 25 30, 35? C 4

r -0 . 5 1- 1. 
5

0 50 00 1 I5 200 250 300 350 400 .0 ,10 t 5 20 . 20 2 5 5 3 0 3% 9 4

5 r 0 l 50 220 253 30m3 350 400 453 0 50 1 o .I t . 2 25A 320 352 420 452HERTZ SPCTAERTZ'<;;~

In 14 POWR SMTRALDENSITY FOR M.;-O.805, CL =0.727. 0 =25.5 -a

FRG1ELATION EUNCTIONS
9 RUN I0-1E.BU13RT. .20953

ALTO COERELAIO 1NTI\

RUN 10 Wf.o3357. .20953

U. 01 2 .2 0.30 0.35 0.410

'op.

ar - ' ' T ' T ' ." ' .0 0. 15 0.53 15 0.20 0.25 0. 0.35 0.12n 0.00 0.05 0.13 0.15 0.0 0.2 2.530 G.~ 4.

0.35 [ P. _ 23 c. 0.3-2 0.35 0"4", 0." - " " -".'"1"0 0. 2. 35 v " . . (1.1

3."5 .* ',I" % % ° 3" " . . . . . . . ..1 1. ""3 "7 3 " "-)'i

5 l' 1"L

MIG 14b. AUTO CORRELATION FUNCTIONS FOR M..=0.805, C 1 O0.727, 025.5 PSI
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RUN J04t10.0SIFT. .25951

~ 1/fl M~h WflK615 2 f' <'2

0.435 0AS45 0 .0465 0.0 Ll .4 0 1 0 1521 0.54n 0.555 0.57 0.565s

0.3 .5 A5 OAC 0 % GSo 0 si M4 0.5 0.57 lb '55

5' -570' 58 5 4& 2.75

0435 0.450 5.b 4 0 .a400 0.495 0.Sl0 0.525 0.540 0.555 0.570 0.585 0.435 0.450 0.465 L. 41C 0l. 49 0.510 255 0.542 .5 .71.6

1

-0.435 il 41145 8,045 0511, 0.25 .540, 0.55 0500 0.5, 0.4551 0.45 0.55 .4 2l.4 03 .5122.25 0.242 0 .55 0.20 259

FIG. 14c:l COROSRELATNF TION3 CROTOSSORS .85 COFEA IO72N FU0 25.Ps
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CR05ROSS CORRELILOT F FO ,.80UT ONS "-2

RR -- W F.Fr L0. R20953"

0.435 0.450 0.465 0.440 0.495 05] O S 1.20.5S5 0,5'2 0W'O 

a(.02 SO 20 3II30 il O 12 a C 31 1 4

SECCNG ".D B

FIG. 14c: CROSS CORRELATION FUNCTIONS FOR M,==0.05, CL = 0.727, 0 =25.5 psi (Cont'd) -"-

CROSS POWER SPECTR.L OEN5ITr CROSS POAER L vrrTRql-v'"

RUN I0-NF .84 rqFR. 20953 RUN 0 ff . .-

0 60 120 l 240 300 3w 42 0 60 2 0 2 3 3(7

0 60 19o 2420
HERTZ HR . 0 ", p-

"CROSS POWER SPEOTR... )O ,.>., C ..... . . . . -'

RUN J0-N.' tfA6.,.20953 634 2-. _07 .70

o 60] 20 40 I 240 3" 36-0 4( c f ;. .2 1

o ~~~.. .. . .... ..........,"......4,:,-,; ......... "-

HERTI, I".

~~~~FIG. 14d: CROSS POWER SPECTRAL DENSITY FOR M =0.805, Ct = 0.727,0Q 25.5 psi •..

,a:,. @,,,..,.. -., .,, . ... . . .. ,...... .. '..., '.-...' ...... ". ..- ': ; .. "... .-.
-I -- r " - . . .l~m~~u

,
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CROSS POWER SPECTRAL DENSITY CROSS POWER SPECTRAL. DENSITY
06 10-NE.BUIFT.-20953 RUN 0 -NFC.6LFfTT0.-22953

0 6b lit) 
1
0 240 360 360 1120 it E 0 1 0 160 240 30 (2 360 4 ,0,

E?
9..

II

0 6 RU 1 0 240 360 360 420 U 60 120 180 240 30 360 420

0 0 2 1 ERTIZ 21 0 6 2 0 10 ]oHERTZ 24 30 360'

CRO55 POWER SPECTRAL DENSITY CROSS POWER SPECTRAL DENSITY '.:

MA 30

.. 7-

0 60 120 IO 24o 3m 360 40 0, 120 ,80 240 320 360 420

HERTZ HERTZ

CROS POdLUJ OER PECTRA CENS Y CFOPIJR Se085 L077 55Pei CoTALDENIT

RUN 10-R.*1JRT. .20953 RUN I2-NP , FR. 20953,
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COHERENCE FUNCTIONS
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